Formation of DHP-derived DNA adducts from metabolic activation of the prototype heliotridine-type pyrrolizidine alkaloid, heliotrine.
Pyrrolizidine alkaloid-containing plants are widespread in the world and may be the most common poisonous plants affecting livestock, wildlife, and humans. Pyrrolizidine alkaloids require metabolism to exert their genotoxicity and tumorigenicity. Our mechanistic studies have determined that metabolism of the retronecine-type (riddelliine, retrorsine, and monocrotaline), heliotridine-type (lasiocarpine), and otonecine-type (clivorine) tumorigenic pyrrolizidine alkaloids in vivo and/or in vitro all generates a common set of 6,7-dihydro-7-hydroxy-1-hydroxymethyl-5H-pyrrolizine (DHP)-derived DNA adducts responsible for tumor induction. All the pyrrolizidine alkaloids studied previously are diesters with an ester linkage at the C7 and C9 positions of the necine base. In this study, we report that F344 rat liver microsomal metabolism of heliotrine, a tumorigenic monoester bearing a hydroxyl group at the C7 of the necine base, resulted in the formation of the dehydroheliotridine (DHH) metabolite. When incubations of heliotrine were carried out in the presence of calf thymus DNA, the same set of DHP-derived DNA adducts was formed. These results support that DHP-derived DNA adducts are potential common biomarkers of pyrrolizidine alkaloid exposure and tumorigenicity. For comparison, the dehydroretronecine (DHR)-derived DNA adducts formed from metabolism of riddleiine, retrorsine, monocrotaline, riddelleiine N-oxide, and retrorsine N-oxide were measured in parallel; the levels of DHP-derived DNA adduct formation were in the order: riddelliine approximately retrorsine>monocrotaline>retrorsine N-oxide>or=riddelliine N-oxide>heliotrine.